INTRODUCTION
============

The synergy of science- and art-based (science--art) teaching activities has gained popularity ([@b1-jmbe-21-57], [@b2-jmbe-21-57]), with its ability to engage students with scientific concepts in a creative and interactive manner. These features lend themselves well to classroom icebreaker activities intended to facilitate the acclimation of new students. Opening activities, as part of student orientation programs, are known to instill familiarity, community, and collaboration among students ([@b3-jmbe-21-57], [@b4-jmbe-21-57]), and the inclusion of a fun and interactive science--art component will serve to facilitate these outcomes.

We developed and executed a science--art--based icebreaker activity for a group of new, incoming students. The design of the activity required students to use previous scientific knowledge to create a collaborative piece of artwork. In our experience, this activity fostered communication and team building among new students in a timely and cost-effective manner, fulfilling its valuable icebreaker function.

PROCEDURE
=========

The activity was developed as part of an orientation program for new students (30 students, average age of 18 to 20 years) in an Integrated Masters' program in Biotechnology at a public university. The activity was executed once, in a classroom setting. Instructions given to the students included: 1) Use multiple canvas pieces of different sizes to create a composite piece of artwork. 2) The time duration was 3 hours. 3) The theme for the artwork was "Biology: From Micro to Macro"; students were expected to draw on past biology knowledge (from school) to develop ideas for the artwork. 4) The artwork would have to be a collaborative and composite piece, and canvases could not be used for individual works. 5) Only supplies provided, which included 12 to 15 small canvases, acrylic paints, paintbrushes, marker pens, rough paper, a white board, and cleaning tools, could be used.

Development of team-building skills during the activity
-------------------------------------------------------

Following a basic introduction to the activity, the instructor provided students with the art supplies. After this, the instructor served as an observer, taking notes as the activity progressed, and did not actively intervene or facilitate the activity design.

At the start of the activity, the students arranged the multiple canvases on a flat surface, to develop the art layout. They experimented with several layouts, and a decision was made through an informal vote (show of hands). The instructor observed that similarly thinking students tended to cluster into smaller groups but continued sharing their ideas with the group at large.

To design the artwork, students created a size-appropriate replica of the canvas layout on rough papers. At this stage in the activity, students proficient in art began to dominate the design plan, resulting in a few students being left out of discussions. To achieve uniform participation, the students divided themselves into two teams: a research team that would brainstorm ideas, and an art team to execute those ideas.

Discussions on the design layout were highly interactive ([Fig. 1A](#f1-jmbe-21-57){ref-type="fig"}) and lasted for an hour. Several students asked to seek inspiration and ideas from the Internet, which was permitted. Key words during this discussion were evolution, DNA, helix, Charles Darwin, Watson, Crick, Rosalind Franklin, microscope, microorganisms, bacteria, nucleus, and sequencing.

![Execution of the activity and display of the composite art piece. A) Students engaging to decide the design and layout of the artwork. B) The composite piece of artwork on display at our institute.](jmbe-21-57f1){#f1-jmbe-21-57}

Once the design was finalized, students started sketching and painting the design on the canvas layouts. At several stages in this process, the design they intended to depict did not emerge as expected. There were also errors committed, such as spillage of paints and imperfect strokes. This resulted in several attempts at improvisations and redesigning the planned artwork.

As the painting progressed, the students expressed satisfaction at seeing the collective product emerge. They noted that the final product was, in several ways, different from what had been visualized and designed. Through the activity, the new batch of students were learning each other's names, as well as appreciating and applauding individual and collective efforts, by verbal expressions of encouragement and motivation.

The final composite piece of artwork created ([Fig. 1B](#f1-jmbe-21-57){ref-type="fig"}) depicted a double helical strand of DNA drawn across multiple canvases, with names of biological scientists' written into the double strands. The canvases were painted in varied colors to represent different biological habitats from water to soil. The biological imagery started with microscopic, single-celled forms (such as ameba and paramecium), gradually transitioning towards more complex forms such as mushrooms, plants, birds, small and large animals, and humans. The artwork has been displayed at our institute and is intended to foster a tradition of displaying the collaborative creations of each new batch of students.

Feedback on the science--art activity and conclusions
-----------------------------------------------------

Based on instructor observations, this science--art based activity was accessible, affordable, and interactive, and it fostered team-building skills ([Table 1](#t1-jmbe-21-57){ref-type="table"}). Students participating in the activity provided feedback with a Google form questionnaire. The questionnaire consisted of three rating-based systems (score from 1 to 5, with 5 as maximum) and three free-response questions. Of the 30 students who participated in the activity, responses were obtained from 18 students (60%). Students were asked to rate the science--art--based activity on three criteria: 1) How fun was this activity?; 2) Did you find the activity collaborative?; and 3) Did the activity foster team-building? ([Fig. 2](#f2-jmbe-21-57){ref-type="fig"}). Students also provided free responses to the following questions: 1) What was your favorite part of the activity?; 2) What specific aspects of team building did this activity bring forth?; 3) How can this activity be improved?

###### 

Summary of the key features of the science-art based activity.

  Features                   Relevant Components of the Activity
  -------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Interactive                Designing the layout of the canvases, deciding the artwork to be created, executing the artwork with sketching and painting
  Accessible                 Art supplies and tools were procured from a local art shop one day before the activity
  Affordable                 The entire activity was executed at a cost of \~\$1.50 per participant
  Team-Building Components   Group discussions and communication, sharing of ideas, collaborative execution and improvisation, leveraging different skill sets as a team and division of responsibilities

![Data based on student feedback of the science--art-based activity. Feedback was collected to assess the extent to which the students found the activity A) was fun, B) was collaborative, and C) fostered team-building, where 5 is the highest score and 1 is the lowest score.](jmbe-21-57f2){#f2-jmbe-21-57}

Since the major focus of the activity was the team-building component, we have discussed feedback related to this in detail ([Table 2](#t2-jmbe-21-57){ref-type="table"}). The team-building component of the activity was rated as 4 or 5 by 16 out of 18 students (\~89%). In free-response answers to "What was your favorite part of the activity?," 15 out of 18 (\~84%) responses related to the team-building component. This was specifically illustrated in the responses to "What specific aspects of team building did this activity bring forth?," with phrases such as "everybody worked as a team," "we were able to put up a beautiful painting," "seeing our ideas come together," "painting the boards together," "discussing everyone's ideas," "respecting each other's perspectives," "division of responsibilities," and "teamwork and team spirit."

###### 

Representative feedback related to team building in the science--art-based activity.

  Student   Response
  --------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1         "...It was a really exciting and fascinating experience for me. I got to know my batch mates and their amazing ideas. I also realized that if we worked in this very way for the next five years we could do wonders. It's a great team and I am happy to be a part of it."
  2         "This activity helped all of us to break the ice and communicate with each other. It also taught us problem solving, making the most out of whatever resources we had, and a deep appreciation for each other's skills."
  3         "Communication, respecting each other's perspectives, collaborating different ideas to bring about something wonderful!"
  4         "Sometimes we were confused and had no idea of what is to be done, and then somebody in the middle of the turmoil would come up with an idea."

One student reported in their feedback that "According to my observations, all of us weren't given a chance to put forth our ideas." It was also notable that another student rated the "Collaborative component" of the activity to be 2 (on the 1 to 5 scale, where 5 is maximum). These were the same two students who expressed dissatisfaction in the rating of different criteria ([Fig. 2](#f2-jmbe-21-57){ref-type="fig"}). One possible adaptation to improve team work is to divide the execution of collage components based on the theme (for example single-celled forms, plants, birds, animals, and humans) into smaller groups of five or six students, so that all students might get more equal opportunities to participate, after which the groups could bring the components together. The activity also holds potential for adaptations and modifications to make it more suitable for diverse group settings. For example, in outdoor settings, the science--art design could include collecting botanical materials to create a composite collage of nature. In resource-limited settings, the activity could use colored papers to create a scientific imagery. These adaptations would also broaden the audience to younger (school) students and students with disabilities. While, in our execution, the instructor was an observer who did not actively engage with or influence the activity, instructor interaction to facilitate equal participation or as a link between groups working on different parts of the theme could be included. Finally, the exercise could be improved to include simple student learning outcomes to assess team-building and icebreaker components such as "Students will be able to recall the names of their colleagues" and "Students will be able to judge at least one strength of each of their colleagues," which could be assessed at the end of the activity. In future implementations, multidisciplinary institutes can include inputs from fine arts students and faculty, as well as the librarian, for display of the art work.

SUPPLEMENTARY MATERIALS
=======================

###### 

Click here for additional data file.
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